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What we will cover today

URestriction site analysis
UCloning
USouthern blot analysis
0 PCR primer design

UCloning, amplification gene expression




Restriction mapping

# For cloning

# Southern blot interpretation
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Restriction Mapping

' Making testriction maps was my fifstuse ™
of “Molecular Biology” software

»= Making restriction maps is a routine lab
activity that is necessary for any type of
cloning project.

» High quality maps are important for
publications and exchange of information
between researchers or between labs.

Mapping Software

*=-Programs-vary-greatly-in sophistteation-and-ease———=-
of use
# Simple drawing programs (vector graphics)
# The venerable DNA Strider
+ GCG (not a strong point of the package)
+ Comprehensive Mac/PC MolBio programs
# Dedicated plasmid drawing programs
» Can it be done on the Web?

b

»= Making high quality graphical restriction maps is
one area where Mac/PC programs are much better
than GCG or the Web




Biotools@UMASS Medical
School
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% http://biotools.umassmed.edu/tace/W W Wtacg.php
Enter your DNA sequence

X

i
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= Select limits

| BioTools: WWWtacg Ver 3.0 - Microsoft Internet Explorer

le Edit  View Favortes Took Help u
[ - A ®) e i 2) o 3

Do - (D ] @ (0 O scach Sl rovories @Prede ) poS

filress | ] hitpfbitools.umassmed, eduftacg/ Wit acg.php v Bee ks

#4 BioTools @ UMass Medical School Research Computing

Biotools ->BioApps
Tue, Aug 03 Home | News | Resources | Contact 11:54:11

TACG Restriction Mapping

This form allows you to supply both DNA sequence and (optionally) your own file of
Restriction Enzymes or other IUPAC patterns in GCG format (or slightly modified
for mare functionality) for Restriction Enzyme Mapping and Analysis, using Harry
Mangalam's tacg3.5 program as the analysis engine

Lm———— Tou should be able to see the ends of this line in your window  —-—-—- >

Most of the options are linked to more help. If needed; you can also ook at the
local HTML-ized tacg man page and local tacg documentation far more
information

PLEASE mail me if you notice something odd or objectionable in presentation,
execution, or especially (1) accuracy of results

Sequence Entry

Any ASCIl format is acceptable; tacg3 accepts and processes all IUPAC
degeneracies

Wyith the assistance of Jim Knight's SEQIO pkg (now incorporated into tacg),
WWEacgs will also accept MOST NUCLEIC ACID FILE FORMATS without further
modification or editing

—EITHER--Paste in the RAW sequence (>4 bp) in the window below...

[Uniabeted [Optional Cutput Lakel for pasted-in
SEQUENCE]
——
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| BioTools: WWWtacg Ver 3.0 - Microsoft Internet Explorer

l=  Edt View Favortes Took  Help

[Pk - () \ﬂ @ 7;\, /_ESaarch ‘-f'\}/Favnntes @ reds ) - = F

=< |{&] http:fbiotools. umassmed eduftacg/Whititaca, php

=

Links

—EITHER--Paste in the RAW sequence (>4 bp) in the window below...

[Uniabeled [Optional Output Lakel for pasted-in
sequence]

2881 acgtgaattt tgatcgaaat gaatgatgtc gatggatatc cgaacacaty caaatttgta &

2941 coatctattt atttatctty attttcttcg taggttattt gettettata acgttgtagt

3001 aatgtaaget tgtttctett atcttttgie a

3061 tocattaace ttgattgtya gHacattgt aaaggaacyy aagtaaacay aatttattat

3121 aatttttaac ttcgetaact gictttitas taaaaaaaaa aaaaaa

--OR-- use the file browser below

ME: If there's sequence in the wincow abave, the file will be ignored

[MacAYin32 versions of Netscape up to V4.7 (but not linuwsUnix) wil not accept
more than ~30K chars in the paste-in buffer. If you need to load large files, save
as text and load them via the file browser below)

Use the file browser below to upload a DNA sequence file (<500.000
characters) to send:
(Qutput will be labeled with the file name.)

| Erowse..

I™ Force sequence file to be Read as 'raw', (only numbers, spaces, and
seguence)

Sequence Selection and Numbering Options

The sequence should be analyzed from bases |1 to |END

(use "END" to indicate end; integers for other endpoints.)
The (sub)sequence should be analyzed as: @ Linear ¢ Circular

Sequence numbering should start from |1 (Only for Linear Map; Sites
are nurnbered starting from 1)

B

| BioTools: WWWtacg Ver 3.0 - Microsoft Internet Explorer

e Edit Yiew Favortes Tooks  Help

gﬁack - \ﬂ E" _;‘, /._'=ssar:h ‘f‘\?Favuntes @ redic ) - B

filress | ] hitpfbitools.umassmed, eduftacg/ Wit acg.php

v e

Links

Reset to Defaults Submit Sequence to VWWWWWtacy

Restriction Enzyme Selection

Select the Restriction Enzymes either By Characteristic or Explicitly
Filtering options below apply to entire REBASE files (yours or mine), but NOT to
explicity picked enzymes

[ Search for possible SILENT Sites (supercedes all ather selections and forces
Linear Map Mode)

By Characteristic Explicitly

e 1 This sice is selected it ANY names are
This side is the default selected

™ Simulate multiple digestion as well
as singles

Overhang | Don't Care ¥

Number of cuts:

Minimurm:|1
htairnurm:|1

Magnitude of Recognition

Sequence: |6 ¥
base pairs or greater,

Cost | Mo Limit

Selections filtered from from the

Latest REBASE fi SetEl hd
v

--aoea __________ L= Mdel || [ScrFl -

from YOUR uploaded GCG-formatted HgaAlY SenAl

REBASE file, Ihel Sfahll

using the file browser below Mlalll Sfel

Upioads supercede the menu seieation Ilalt/ il

B e




| BioTools: WWWtacg Ver 3.0 - Microsoft Internet Explorer

l=  Edt View Favortes Took  Help o

=
JEack - Q ﬂ @ §) ) search 7 Favorites @ edis ) - = F

i< | ] hitps fbiotonls. umassmed. edujtacg/Whinitacy. pha v B e ks

Qutput Format

The output should be |80 chars % [wide, in & Regular ¢ Small ¢ iy font
Suggestions

NB: Choosing the VERY wide option makes mest of the output stream outin a
single line.

¥ Sort Output by # Hits, Names (DNA Strider-style)

For debugging strange results
I” Show me the tacy command line that generated these results
I Show me ERRORS from tacg

Analyses

¥ summary Table (Absent Sites, # of sites for each Pattern)

I GCG-like Ladder Map (req =100 b to be useful)

[ Pseudo Gel Map LOW cutoff at | 100 ¥ lbg; HIGH cutaff at

1000 vhp.

[” Table of Hit Sites

[” Table of Fragments Listed by | Size ¥

" stream out Open Reading Frames of greater than |100 AMino Acids
inframes W1 213040506

™ Print the EXTENDED ORF infa

I~ Print the ORF sequence UNWRAPPED (1 line output.

¥ Entire Linear Map Long, but reguired for Co-Translation below
¥ Only print top strand [~ Mo tic marks [~ Print Map even if Mo Hits

¥ Linear Co-Translation: in|1 ¥ framets), witha | 1 ¥ |etter code,
using | Standard * | Codon Usage
Reset to Defaults ‘ Submit Sequence to WAAYYtacy ‘

B

Results of query

* Enzymes that DO NOT MAP
+table

* Enzymes that cut and number of cuts
+table

# Linear map of sequence with cut sites and
amino acid translation




| tacg 3 results - Microsoft Internet Explorer

l=  Edit  Yiew Favorites Tools Help ,’:
" -
1 N ) ) - 1
€] > ﬂ @ g ) search 2 Favartes (@ Media ) =N
i< | ] hitpsfsela.umassmed eduiegi-binftarg/targia.pl v B ks
Total Number of Hits per Enzyme:
Azl 1 BzsaXl b CaepCI 1 Pfol 1
Azul 3 BzsaXl b Dral 2 P=il 3
AF1TI 2 E=eRI 1 Earl 4 P=tI b
A1wNT 4 B=eVI 1 Ecil 1 Pvull b
Asel 1 B=gl 4 EcoICRI 1 Sacl 1
Bb=s1 2 BamI 3 EcoRI 1 Sapl b
Bbw(CI 1 BEspET 1 EcoRV 2 S=pl 4
BroiVvl 1 BEspHI 3 Fall 1 Stul 1
Boll 3 BspMI 2 Fspl 2 TaqIl 2
BfrBI 1 BE=srDI 6 HindIII 2 TthlllI b
BglII 1 BsriGI 1 Mfel 2 ¥hal 1
BrogBT 1 B=stAPT b M=ol 1 HemI b
BpmI 1 BstXI 1 Mool 1 HronT 1
Bpul0l g Btgzl 2 Msil 1
EpukEl 4 Clal 1 Pcil Z
E=aBl 1 CspCT 1 PL1NMI Z
E= Linear Map of Sequence:
Ecil~
Neol
5 5
1 ttttactoctgoagoagoagecaccaccoatggogbogtttboogecgocgtogotoagtt &0
A = A = A = N = N = N =
L F ¥ 3 . A A A T T H G ¥ ¥V F R R R R 3 ¥V
61 ctooogegttboacctiotcaracttogotocactoteactetoacygoacgotottoca 120
N = N = N = N B A = N =
L L P R F TF 3 HF & P L % L 3 B H L L P
BspEI
5
oo B e

Restrictionmapper

=% Locates restriction cut sites

# http:// www.restrictionmapper.org/

#* Does not draw map with DNA sequence




ion Enzyme Site Mapper version 3 - Microsoft Internet Explorer

l=  Edit  Yiew Favorites Tools Help

[ Dk - @) - \ﬂ @ 7;\, /_ESaarch ‘-f'\}/Favnntes @ reds ) - & -

idress | @] httpjiwwme. restrictiormapper . orgf v B ks

Welcome to RestrictionMapper - Now with Virtual Digest
Maps sites for resiriction enzymes (restriction endonucleases) in DA sequences

NEW! Antomate Restrictionhlapper

HELP
— Conformation Include Sequence Info
Fau .
EAQ Circular O | Select Individual Enzymes Mo non-base letters
WHAT'S NEW? Linear ® Mumbers and spaces OF.
— Al Enzymes A
CODE Sort By Paste Sequence Here
1 ttctactetg ad
1. |frequency v cagoagoage
coNTACT L froneney 2
Other Free Molecular 3. |nhame 3 toogoogooy
Biclogy Resources @ MG TLOgULoAgLE
ommerc; 61 “Wirtual Digest
CLocCgogtt
Dilution Calculator Mazitnum Cut Number |2 | NEB only O EESDGEEEE ; ;
acacteoger
5‘ Overhang coactotoac
3' overhang tetoacggoa
v
Mg Site Length | 6 it e 2
Prototypes Orly & Name your sequence
All Tsoschizomers O Untitled
o R

l= Edt View Favortes Took  Help

gﬁack - \ﬂ E" _;‘, /._'=ssar:h ‘f‘\?Favuntes @ redic ) - &5

ilress | @] hitp ffwmi. restrictionmapper argfegi-lacalfsitefindz, pl v Bee ks

[Nane: Untitled

Conformation: linear

Dverhang: five prime, three_prime, blunt

[Minimum Site Length: 6 bases

Iaximma Number of Cuts: 2

[ncluded: all commercial, prototypes only

Noncutters: Aarl, Aatll, Accl, Agel, Alol, Apal, Apall, Ascl, Asull, Avrll, Bacl, BamHI, Begl, BAL Bgll, Bpll, BsePL BsrBI, BstEIL Btsl, CH10I,
Dirall, Dralll, Drdl, Eam1 1051, Eco311, Ecod4 7, Ecoldl, Esp3L, Fsel, Fep Al Haell, Hindll, Hpal, Epnl, WMul, Mael, Narl, Mdel, Mhel, Iotl, Mrul,

[DAI, PI-Pepl, PI-Scel, Pacl, PmaCl, Pmel, Ppil, Ppubdl, PshAT, Parl, Pwul, RatTl, Sacll, Sall, SanDl, Scal, SexAl, S, Sgfl, SgrAT, Smal, SnaBl, Spel,
phl, S, 55e83871, Swal, Taqll, 3Thel

Name Sequence Site Length | Overhang |Frequency |Cut Positions
Ball TGGCCA 6 blunt 1 1512
EsaBlL GATNMNMIMATC 6 blunt 1 2815
Bl CACGTC 6 blunt 1 2560
Stul AGGCCT 6 blunt 1 1766
Hmnl GAANNIITTC 6 blunt 1 1136
Lucll AACGTT 6 five_prime 1 2891
Aval CYCGRG 6 five_prime 1 1391
Pohari T O A 7 frre nrime 1 1414

o B e




Web Mapping Tools

[herg are other some free mapping tools on thg web

for finding restriction sites and making text maps,
but not for nice graphical maps

= WebCutter (Max Heiman, Yale Univ.)

http://lwww.firstmarket.com/cutter/cut2.html

= EMBOSS Restrict (EMBL Institut Pasteur)

http:/Ibioweb.pasteur.fr/seqanall/interfaces/restrict.html

# Restriction Maps (Colorado State Univ.)

http://arbl.cvmbs.colostate.edu/molkit/mapper/index.html
(uses Java)

WebCutter

Webcutter is a free on-line tool to restriction map

nucleolide Sequénce (fext output) ~

http://www.firstmarket.com/cutter/cut2.html

+ Webcutter includes the option of finding restriction sites that can be
introduced into a sequence by silent mutagenesis

NgoAIV Esp13961
MroNI AccB71

ggcgg tcgcet t tcttg t base pairs
ttaccttcggccgecgtggagcgattgect tet tcggttagttaac g tga 1276 to 1350
NgoMI PfIMI
Nael Van91l

Avill  EcoT14l
Mva12691 Styl Esp13961
Fspl Eco1301 Gsul

g ggcagaacatatccatcgcgtccgcecatctccagcagecgcacgeggegeate  base pairs
cacttacgcgtttggttgggaaccgtcttgtataggtagcgcaggceggt: gtcggcgtgcgeccgegtag 1351 to 1425
Bsml Erhl PfiMI Bpml

BsaMl  BssT1l Van91l
Acc16l  AccB7I




EMBOSS Restrict

http://bioweb.pasteur.fr/seqanallinterfaces/restrict.html

— —m— — — # Restrict of , from 1 to 150

#* New England BioLabs

e g e e S e e

# Minimum cuts per enzyme: 1

# Maximum cuts per enzyme: 2000000000

# Minimum length of recognition site: 4

# Blunt ends allowed  # Sticky ends allowed

#DNA is linear # No ambiguities allowed

# Number of hits: 24

# Base Number Enzyme Site 5 3 [ 3
8 NgoAlV GCCGGC 8 12
8  Nael GCCGGC 10 10
9  Mspl CCGG 9 M
15 Acil CCGC 12 14
18 Mnll CCTC 28 27
36  Hphl GGTGA 24 23
45 Tsp509! AATT 44 48
59  Tsp500! AATT 58 62
69  Acil CCGC 66 68
78  Bsml GAATGC 84 82
81  Fspl TGCGCA 83 83
82 Hin6l GCGC 82 84
82  Hhal GCGC 84 82
114 Thal CGCG 115 115
119 Acil CCGC 119 121
119  Hgal GACGC 104 109
123 Ecil GGCGGA 108 106
131 Bbvl GCAGC 143 147
131 Bpml CTGGAG 111 109
135 Acil CCGC 135 137
140 Thal CGCG 141 141
144 Acil CCGC 141 143
144 Hin6l GCGC 144 146
144 Hhal GCGC 146 144

e e e e B e e R e e e e e Tt e e B e




2 NEBcutter ¥2.0 - Microsoft Internet Explorer

Eile Edit View Favorites Tools Help

eBack A > | Iﬂ Ig 7;\1 /-]Search ‘::“\?Favorites 6‘3 = \7/ QI ﬁ

Address @] hitps/jtools.neb.comNEBe tterZ)index. hp v| B a0

Links >

Be

W ENGLAND

Guide

This tool will take a DITA sequence and find the large, non-overlapping epen reading ffames using the E. cok
genetic code and the sites for all Type I restriction enzymes that cut the sequence just once. By default, only
enzymes avalable from NEB are used, but other sets may be chosen. Just enter your sequence and "submit”.
Further options will appear with the output

The maximum size of the input file is 1 MByte, and the maximum sequence length is 300 KBases.
What's new in V2.0

Local sequence file: ‘ |[ Brawse.. | Standard sequences

GenBank number: [Browse GenBanlk] # Plasmid wectors »

or paste in your DITA sequence: (plain or FASTA format) #iral + phage ¥

& HNEE enzymes

O All commercially available specificiies

@ Linear O All specificities
5 — -
) ERE O Circular o8 touse O All + defined oligonucleotide sequences

O Only defined oligonucleotide sequences
[define olimos]

BiolLabs.. NEBcutter V2.0 Progam | | et

~

&

# Internet

2l NEBcutter V2.0 - Microsoft Internet Explorer.

file Edt View Favorites Tools Help i
Qe - () |£| |E"| D seach §lpravories ) = LJ 3
Address ‘@] hittp:/ftoals.neb. com/MEBcUtter2findex, php vl Go  Links
~
&% VEW ENGLAND B
e rogram
BioLabs.. NEBcutter V2.0 e’ | Helo | | Comments
This tool will takee a DINA sequence and find the large, non-overlapping open reading frames using the E.cob
genetic code and the sites for all Type I restriction enzymes that cut the sequence just once. By default, only
enrymes available from NEB are used, but other sets may be chosen Just enter your sequence and "submit”
Further options will appear with the output
The maxiiwun size of the input file is 1 MByte, and the maximum sequence length is 300 KBases.
THhat's new m V2.0
Local sequence file ‘ |[ Browse__ | Standard sequences:
GenBank mmber: [Browse GenBank] #Plasmid vectors ¥
of paste in your DNA sequence:  (plain or FASTA format) #4iral + phage v
gagttobtty sastaagtyc atgytsatca ttaatcoact cagasstact cagagataac ~
402514
cotattteat gasgoatgag acgbtgotoc stattgotgf attocacatas satagbtgas
402574
gogycatcot tgasascaga bEOCAbCCea DASAJCSACA CALCAJAAJE sasactutga i
402634
v
© NEB cugmes §
O All commercially available specificities
@ Linear O All specificities
The sequence 1s: ) Enzymes to use:
4 O Circular O All+ defined oligonucleotide sequences
O Only defined oligonuclectide sequences
[define ohgos] A
&) & Internst




|7 A NEBcutter, - Microsoft Internet Explorer FEK
Elle Edit ‘iew Favorites Tools Help f
o . ®) S i 3
0 Back v () \ﬂ @ (y) | search 7 Favarites {)
| Address |@ http:jftools. neb. comiNEBcutter 2 cut show. php?name=219F4deb- v Go | Links
I -~
I Linear Seq e: d seq Help | | Comments
| A
I Cleavage coce Enzume name Cote
| Display. - NEB single cutter restriction enzymes I | blunt end cut a;:]éiﬁéi QGEZIT?
I - Mam non-overlapping, mmn. 100 aa ORFs | 5 extension Mot commercially available
NS i #: cleavage affected by CpG meth.
| GO=34%, 4T=65% J 1% extension #: cleavage affected by other meth.
I ¥ | cuts 1 strand Cenz.nane) : anbiguous site
| Bpnl BFrEl Hzel BsnAl
| e pRLTA
I 11 1 1 L 1 1 L 1 1 1 L L L 1 1 L 1 1 L 1 1 1 1 12166
| [ (I i | I [N I [y
Pputll EBstil Sapl Butl fpal | “Alel *ASpCNT
I Sacl Ifel Drdl Hhel Bpulol Bss3l
| BstEIT *Faul Capil Papiil *Boal
I Hpal *BseY *BtgZl Scal
*Bsp0l
I #Clal
| Ahdl
1 *Pspl
1 *PasR71
2 | *TUI
I I *¥hol
I I Baall
*BspEl =
| | Fuull
Ty CINA
I | 0 cutters
| | Custom digest
- - 1 cutters
| | YWiew SeqLENCE All commercial 2 cutters Zoomin Al sites
I I ORF summany All A rutters Mrire b
JEEE T & Done 4 Internet

Microsoft Internet Explorer

File Edit Wew Favorites Tools  Help ",'
2 ~ i ~ T
- ) ) ='F L .
e Back 7] \ﬂ @ _ﬂ /- Search “p. Favoriees {} [ ="
Address |€| http:jftools.neb. com/MNEBCUtker 2 enz, php?name=2 19f4deb-&enzname=Hpalarecpos=390 v| . Go  Links *

>

Hpﬂl Help | Comments
[Back to main display] 5... BTTAAC ... 3
3... CAATTG . 5!
Available from NEB, Catalog # R0105
Wiew product page REBASE enzyme page | Methylaton Sensitraty

Buffer name: NEB 4 (Green)
Salt: 50 mh EOAc
Main: 20 mhd Tris-OAc
pH: 7.8
Mg: 10 mb MgOAc NOWE
SH: 1 MM DTT

Overlapping methylation:

Reaction temperature: 37 *C

Neoschizomers: Isoschizomers:

@ 0 Inkernet

<




|75 7, =l NEDCUTIET - MICTOS0TL INternet Lxplorer

(]

File Edt Wiew Favortes Tools  Help L
A ) Yy > R
Qus - @ ARG P frrms @ (3- 5 |3
Address ‘@ http:/ftools.neb. comilNEBcutter 2/ cutshow phptname=219f4deb- A Go  Links ¥
~
Bﬂmbs,., Lmear Seq o seq Help | | Comments
Cleavage code Enzyne name code
~ T | blunt end cut Available from NEE
Display: - INEE single cutter restrichion enzymes I | blunt end cu Hog miher. cupplioe
- Main non-overlapping, min. 100 aa ORFs .| 57 extension Not commercially available
T | 37 extension #1 cleavage affected by CpG meth.
GO=34%, AT=65% - #: cleavage affected bu other meth.
T | cuts 1 strand (enz.namel : ambiguous site
Bpml BFrBI Msel BsmAl
147 el
AL (R IR Al I A AP IR AR AP I IR TIAr A AR AR ARl IR el T P
[ [ || | I [N I I
Ppunl Bstx1 Sapl Bmtl fApal | -Alel *ASPCNT
sacl nrel Orel Hhel Bpul0l Bss51
BstElT #Faul CspCl PspOMI #Beg]
Hpal *BseV] #BLEZI seal
*BspD1
*Clal
Ahei
#Pspi1
+PaeR7I
#TLI
#xhol
Bzall]
*BSpEL
Puull |
e DIMA
0 cutters
Custom digest
1 cutters
YWiew sequence All commercial 2 cutters Zoam in
All sites
ORF summary All 3 cutters Mare
- N Save all sites b
o
|75, R INEDCULIET - UIKE JUMIMAry - MICrosoiL iNLerner LXplorer =

Eile Edit Wiew Favorikes Tools Help f
e Back + </ Iﬂ Iﬁ _h /__\J Search \;‘:( Favorites €‘j [-"‘- :\7 _J ﬁ
Address \@ http: ftaols.neb. comfNEBCUtter 2/ orflist. php?name=219f4deb- v Go | Links **
~
& NEV ENGLAND a1
‘Biol abs. OLC UL LT 7 ek || Comments
[Back to main display] unnamed sequernce
Genetic code: 11. Bactenial and Plant Plastid
Gene Product aa seq. Coordinates Protem ID ClusESt, L Clﬂs“t, e e | Sl ki 0
at 5" end at3' end enzymes

- - 114 aa| compl{4038..4402) |- Bprmnl B&EI show

- - 107 aa compl(1156%. 11892) |- Tlzel BemAT show

- - 98 aa| compl{1657..1953) |- Fold Isel show

- - 96 aa 8164..9454 - Iec] Alel show

- - 76 aa|compl(10903.11133) - Dral Fatl show

- - 72 aa 32193437 - Iunil Msel show

- - 70 aa 1010710319 - Pail *hpeET show

- - 63 aa| compl(340.1131) |- Al Hphl show

- - 61 aa| compl(2446..2631) |- BsmFI Mboll show

- - 58 aa| compl(6561.6737) |- Sepl Azel show

- - 55 aa| compl(6230..6397) |- TspEL Tsp5091 show

- - 55 aa 07937 - BeaBl *BasKI show

- - 54 aa | compl(10708.10872) |- THI Iufzel show

- - 53 aa 2817.2978 - Becl Stalll show

- - 51 aa| compl{2047.2202) |- Haelll Bsll show

53

B e




2 NEBcutter - Microsoft Internet Explorer

Elle Edit ‘iew Favorites Tools Help f
0 Back v () \ﬂ @ (y) | search 7 Favarites e} f J 3
Address |@ http:{ftools.neb. comiNEBCUtter2 cutshow, phpPname=219F4deb- Links >
-~
Linear Seq e: d seq Help | | Comments
Lyaht il
Cleavage coce Enzume name Cote
. o - Available Fron NEB
Display. - NEB single cutter restriction enzymes I | blunt end cut Has other supplicr
- Mamn non-overlapping, mn. 100 aa OEFs .| 57 extension Not commercially available
N . #: cleavage affected by CpG meth.
GO=34%, 4T=65% J 1% extension #: cleavage affected by other meth.
¥ | cuts 1 strand Cenz.nane) : anbiguous site
Bpnl BFrEl Hzel BsnAl
) T ML
11 1 1 L 1 1 L L 1 1 1 L L L 1 1 L 1 1 L 1 1 1 1 12166
[ (I i | I [N I [y
FRulI BstAI Sapl [ BmtI fpal | Alel *ASpCNT
Sacl Mfel Ordl Mhel Bpulol Bss3l
BstEIL *Faul Cspol Pspor *Boal
Hpal *BsevT *Btgzl scal
*Bsp0l
#Clal
Ahdl
*Pspl
*PasR71
*TLiL
*¥hol
Baall
*BspEl =
Puull
Ty CINA
0 cutters
Custom digest
- - 1 cutters
YWiew SeqLENCE All commercial 2 cutters Zoomin Al sites
ORF summany All A rutters Mrire b
Done & Internet
2l NEBcutter - ORF Sequence - Microsoft Internet Explorer
file Edt View Favorites Tools Help i
Qe - () |ﬂ @ N O seach Sleraeies €
Address ‘@ hittp:/itoals.neb.com/MEBcUtter2jorfdisp, php?name=215F4deb-Gorfid=0 vl Go  Links
ENGLAND .
55 ORF Sequence el | [
[NEBouter] —
. unnamed sequernce
[Back to mamn display]
Coding region: complement(4058. 4402)
Bl BfrBI
TdianEanT
2000 | L L L L L 6500
[Edit] - [Delete] - [Add new ORF] - [Locate multiple cutters that excise this ORF] - [Silent Iutagenesis]
Protein sequence:
> 114 aam
MEGLMSGPFI FIPYSSVYDH DDRACGTFVS PNEVYVWHDST GSIQKMEEFH
PQCGSS5SSPI NESLCNIYPS LRGFFVDECQ WQEAPPLCSY IQIMLQLSTV
TLPSQLADEV SSEL
q [ Blast this sequence at NCEI ]
< ‘ 2
&) Done & Internst




2 RID=1108070262-1043-34569727996.BLASTQ2, - Microsoft Internet Explorer

Eile Edit Wew Favorites Tools Help ﬂ'
0 Back ~ () \ﬂ \g y) | - search )7 Favarites Q| 2 \7 — _J ﬁ
#dcress | @] httpjwows.ncbi.nm nih. gov,blast Blest.cgi v Beo | nks
A
Distribution of 8 Blast Hits on the Query Sequence :
gl
‘Muusefuverlu show defline and scores. Click to show alignments ‘
Color Key for Alignnent. Scores
40 4q0-
1-1043| y y y y | y y y y y 1
0 B0 100
Goore E
Sequences producing significant aligmments: ihits) Value
gi] 34145073 | gh| AROE2552.1] unknown [Glycine max] 238 Ze-64
gi| 55959504 | ewb | CATI13356.1] OTTHUMFOOO00064625 [Howo sapien... Z5 2.7
gi|20149748 |ref |HP_619606.1] sarcosine dehydrogenase [Mus m. .. 239 4,6
gi|25742657 |ref |HP 446116.1] sarcosine dehydrogenase [Rattu. .. 239 5.1
gi| 48094560 |ref|XP_354210.1| sSimilar to ENSANGPOOOOOO1S5163 ... 24 8.5
gi| 7408184 | gb| AACA3944.2]| polyprotein precursor [Echovirus ... 23 2.0
gi|74426|pir| |GNNYSF genome polyprotein - huwan poliovirus ... 23 2.5
gi| 74427 | pir| |GNNYZW genome polyprotein - huwan poliovirus ... 23 2.5
M
< | >
&) ® Internet

|
i |

2 RID=110B070262-1043-34569727996.BLASTQ2, - Microsoft Internet Explorer (=13
Ele Edit Wew Favorites Tools Help ",’
M — i .
. \ ) e . S . a4

oBack =) \ﬂ @ __lj - search S Favorites e} 1 _] ‘i

Address @_hlhttp:,l',l’www.ncbi.nIm.nih.gov,l’bIast,l’Blast.cgi V| Go Links *
"

Alignments
Fgi] 34148073 |gh| AAQEZ552.1] unknown [Glycine max]
Length = 2711
Soore = 238 bhits (607), Expect = Ze-64
Identities = 110/110 {100%), Positives = 110/110 (100%)
ouery: 1 MEGLM3GPFIFIPYSSVYDHDDAACGTFWIPNEVYWHDS TGS IQKMEEFHPQCGS3SSFPI 60
MNEGLM3GPFIF IPYRSVYDHDD AACGTFVSPNEVYWHD S TGS IQCKMEEFHF QCGS355P T
Shijeoct: 2044 MEGLMIGPFIFIPYISVYDHDDAACGTFVSPNEVYWHDS TGS IQENEEFHPQCGSSISFI 2103
Query: 6l NESLCHIYPSLRGFFVDECOVOEAPPLCSYIQIMLOLSTVTLRPSQLADEN 110
NESLCHNIYPSLRGFFVDECOVOEAPPLCSYIQINLOLITVTLRSQLADEY

Abject: 2104 NESLCHNIYPSLRGFFVDECOVOEAPPLCITIQIMLOLITVTLRPIQALADEY 2153
At

<

| g

&

® Internst




2 NEBcutter - Microsoft Internet Explorer,

Fle Edt Yiew Favorites Toos  Help "
" A ) . > 3
eﬁack ) |£] @ (pl ) search ¢ Favortes & K- &
Address | @] hitp/ftools.neb. com{MEBLerZjcutshow. phpTname=219F4deb- 1> L
-~
Linear Seq d seq Help | Comments
Cleavage code Enzyme name code
. T | blunt end cut | Awailable from HES
Display: - HEB single cutter restriction enzymes | blunt end cu Hoa atber. oo Loy
- Ilain non-owerla min. 100 aa ORFs .| 57 extension Mot commercially available
PRILE,
MR *: cleavage affected by Cpb neth.
GC=34%, AT=65% 13 exension 41 oleavage affected by other meth.
T | cuts 1 strand Cenz.name): ambiguous site
Bonl EfrBI tsel Banfil
JaaT ) T
1 Ll e, 12185
[ [ [ | I [ I 11
Ppull Bstil Sapl | Batl Apal | Alel #RspCHL
Sacl Heel Ordl He T BpULOT BsaSI
BstEIT #Faul CspCl PEpOMT *Begl
Hpal *Bse¥1 #BLEZI Seal
+Bsp0l
*Clal
A1
#Pepil
#PaeR7T
#TI4T
#xhol
Bealll
*BspEl —
Puull
Iz (O 0 cutters
Custom digest Pip—
View sequence All commercial 2 cutters Zoom in Al sites
ORF summans Al A rutters fnre >
Done Internst
& ®
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File Edit Wview Favorites Tools Help :,
b A o) J‘I_ "
e Back ~ </ Iﬂ @ _lj 7 ) search \‘}/\‘( Favarites 6‘} [ 4 _J 3
Address |€| http:fftocls. neb. comfNEBcutter 2 forf disp. php?name=219F4deb-torfid=1 Go Links >
Ly
& NEW ENGLAND B
BioLabs.. ORF Sequence Help | | Comments
[Back to main unnamed sequence
display]
Coding region: complement(11569.11892)
Mzel BamA
'A
9500 | | 1 L 1
[Edit] - [Delete] - [Add new OEF] - [Locate multiple cutters that excise this ORF] - [Silent
Mutagenesis]
Protein sequence:
> 107 a=m
MWTSLVPHRL IEGCTEIIET VIDPEKSNDES MNTCCLGMZFQ HVEDMDASEL
IESIRRDEFG LDSSL3DIDS CHLEEQHARL GRALHCLIOQOE LYSQDIHFIL ]
ELVRIIL
[ Blast this sequence at NCBI ]
v
< | >
@  Internet
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Fle Edit Wew Favorites Tools Help ",'
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Address |g1 hittp: v nichd, i, rib. gov/blastjElast .cgi v| Go Liks ®
LDESLED IDSCHLEKQHARLGEALHCLSOELYS0DSHF ILELVRIIL ~

Shict: 1094 LDSSLEDIDSCHLKEQHARLGRALHCLISQELYSQDIHFILELVRIIL 1140

»gi| 50919195 | ref|XP 4659994.1| unknow protein [Qryza sativa (Jjaponica cultivar-group)
gi| 29150355 | ghb| RAOT2367.1| unknow protein [Oryza sativa [Jjaponica cultivar-group)]
Length = 2592

Zoore = 92.4 kbits (228), Expect = 3e-18
Identities = 44/63 [69%), Positives = 54/63 (85%)
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|
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|
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|

I Query: 42 VEDMDASRELIESIRRDEFGLDSSLSDIDSCHLEKQHARLGRALHCLSQELTSQDSHFILE 101
I v +i+ +IE+IRR+EFGLD SLS  ++ +LEKQHARLGRALHCLSQELYSQDSH +LE
I Shjct: 1158 VHNPEEATLVIETIRREEFGLDOSLICTENSLLEKQHARLGRALHCLIQELYSQDSHLLLE 1218
|
|
|
|
|
|
[
|
|
|
|
|
|
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!

Query: 102 LVR 104
L+
Shjct: 1219 LV 1221

>gi| 7268079 | emb | CABT7E417.1| hypothetical protein [Arabidopsis thaliana]

gi|4455304 | emk | CAE365539.1| hypothetical protein [Arabidopsis thaliana)

gi]15236340|ref|NP 193111.1| expressed protein [Arabidopsis thaliana]

i 7452439 pir| | TO5244 hypothetical protein F18A45.140 - Arahidopsis thaliana
Length = 2137

Zoore = 86.3 bits (212), Expect = Ze-16
Tdentities = 42/57 [73%), Positiwes = 49/57 (85%)

Query: 48 SRELIESIRRDEFGLDSSLSDIDSCMLEEQHARLGRALHCLEQELYSQDSHFILELVR 104
4 4TLETRENRFALD 4+ 8 4 WLaWAHIRLARLITL. CL80RLVSANSHR TR

g < b3
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Primer Design

# Polymerase chain reaction (PCR)
# DNA sequencing
# Cloning




PCR Primer Design

% The des1gn of PCR (and sequencmg) prlmers 1s
relatively simple from a computational point of
view: just search along a sequence and find
short sub-sequences that fit certain criteria.

»= However, since the molecular biology of PCR
is very complex, the nature of these criteria is
not at all obvious.

»= All primers design software uses approx-

imately the same criteria and computing
algorithms. Graphical output is not necessary.

The fundamental Molecular Blology of PCR 1s not
well understood.

* We know what happens in a descriptive sense, but
not the physical chemistry/thermodynamics

# The rules for choosing PCR primers are a rough
combination of educated guesses and old fashioned
trial-and-error.

= None of the published formulas for calculating
annealing temperatures has been proven to give
better than a rough estimate-however, most work!




Polymerase chain reaction

* Amplify DNA fragment for cloning
#* RT-PCR to measure gene expression

# Detect polymorphisms for mapping or
diagnostics

# Need to design primers from DNA
sequence

How PCR Works

#DNA and two primers are combined in a salt
solution with dNTPs and a heat stable DNA
polymerase enzyme

#The primers match some sequence in the target
DNA

+The solution is rapidly heated to DNA denaturing
temperatures (~95°C) and cooled to a temperature
where the polymerase can function

+Each thermal cycle generates copies of the
sequence between the primers, so the total number
of fragments amplifies in an exponential fashion: 2,
4, 8,16, 32, 64, etc.




Polymerase Chain Reaction

CALTA
Forward primer ETGAb
‘ CLTA Reverse primer

CCCAT
Primers are added that mateh specific DNA
sequences flanking the region of interest

Tag polymerase copies both strands by extending
the primers.

After a number of cycles, many copies of the lragment
located between the primers are ereated.

Primer Design Rules

s primers should be at least 15 base pairs long

* have at least 50% G/C content

* anneal at a temperature in the range of 50-65
degrees C

# Usually higher annealing temperatures (Tm)
are better (i.e. more specific for your desired target)

* forward and reverse primer should anneal at
approximately the same temperature




Primer design sites

Primer design sites
# http://frodo.wi.mit.edu/cgi-

bin/primer3/primer3_www.cgi

Primer3

+ http://frodo.wi.mit.edu/cgi-

bin/primer3/primer3_www.cgi

# GenomeWeb

# http://www.hgmp.mrc.ac.uk/GenomeWeb/nuc-

primer.html
+ Web Primer

I Primer3 Input (primer3_ www.cgi v 0.2) - Microsoft Internet Explorer

l= Edt  View Favorites

D e - ()

Taoks  Help

ﬂ E" P | K JSearch 7 Favorites @ Media ) - dz [F

filress | @] hietp fiFrodo. wimit. sdu e gi-binprimer 3]primer3 . cgi

v Bee ks

Pr11n6r3 disclaimer source code
ack primers fom a DINA sequence cautions EAQ
aste source sequence below (5'->3', string of ACGTINacgtn -- other letters treated as 17 -- mumbers and blanks ignored). FASTA format ok Please M-out

desirable sequence (vector, ALUs, LINEs, etc.) or use a Mispriming Library (repeat library): | MONE B
2581 acgtgaattt tOatCgasat Jgaatgatdtc gatgigatatc CUaacacatd Ccaaatttdta ~
2941 ccatctattt ALCLALCLLY ALLLLOLLOY CAayJLtattt JOLtCCtata acgttgtagh
3001 aatgrtaayct LOCLLCCOLL AtCCLLLOLC COYaagaata ataadydaat gUaacagasc
3061 tocoattaact tLgattgtga JLLAaCAttOt asadUaacyd aadgtasacay aatttattat
3121 aattittaac LLCOCLAaact JLCCLLLTAd CARAsasasa asasas

v

O

[Pick Pick Pick

eft hybridization right
THTET probe primer

lor (internal or
56 oligo) use

eft or right
THNET use primer
elow. oligo below

below. (5
=3
of1
opposite
strand).

Pick Primers I [ Reset Form ]

[Secquence Td: A string to identify your cutput.

E.g. 50.2 requires primers to surround the 2 bases at positions 50 and 51, Or mark the source sequence with [ and |

B e




I Primer3 Input (primer3_www.cgi v 0.2) - Microsoft Internet Explorer

l=  Edit  Yiew Favorites Tools Help ,'J
o= A
o \ ) <l 2 o
) sack > ﬂ @ §) ) search 7 Faveries @ veda () =
i< | ] hitps fFrode. wi.mit.edufogi-binfprimer 3/primer3_ww. cgi v B ks

[>eneral Primer Picking Conditions

[Primer Size Wi |18 Opt: |20 Wl |27
[Primer T Min (57.0 | Opt: 800 | Max: 630 | Mag T Difference; |100.0

[Croduct Tm  Min Opt Max
[Primer GC% Min [20.0 | Opt Max 600
e Self 8.00 | Max 3' Self Complementarity. |3.00
[ omplementanty:
[hfec: #2T's 1] ez Poly-X 5
[Iside Target Penalty Ontside Target Penalty 0 Set Inside Target Penalty to allow primers inside a target
[First Base Indes: 1 CG Clamp: 0
Anne Olgo ot the cencentration of cligos m the reaction mux but of those annealing to
[Salt Concentration: 50.0 Conoentration 50.0 i

Liberal Base [] Show Debugmng Info Do not treat ambiguity codes in kbraries as consensus
Pick Primers ” Reset Form I

Dther Per-Sequence Inputs

chuded E.g 20,400: only pick primers in the 400 base region starting at position 20. Or use { and } in the source sequence
h to mark the begmmmg and end of the mcluded region: e.g. m ATC{TTC. . TCT} AT the mcluded region 1s

egion:

TIC..TCT.
[Start Coden
[P osition:
Sequence Quality
e

Results

* Provides best and four other primer pairs
# Primer sequences

# Start nt for each primer

* Length of each primer

# Tm

* GC content

% Size of PCR product




| Primer3 Output (primer3_www_results.cgi v 0.4} - Microsoft Internet Explorer

i
l=  Edit  Yiew Favorites Tools Help ,'J.
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Primer3 Output

JAT ARTTING: Mumbers in input sequence were deleted.

0 mispriming library specified
sing l-based sequence positions
LIGO start _len =

c: __any _3' seg

| EFT PRIMER 1269 20 59.97 50.00 3.00 0.00 gaactggastggctogtgtt
IGHT PRIMER 1460 20 60.04 45.00 6.00 2.00 gocoattatcoasagottga
EQUENCE SIZE: 3166

[MCLUDED REGICN SIZE: 3166
RODUCT ZIZE: 192, PAIR AMY COMPL: 5.00, PAIR 3' COMPL: 1.00

1 ttttactctgoagoagoagocaccaccoatygogtegtiitoogoogeoghogotoagtt
61 ctooccgegtttocacctictoasacticgotoractotoactoioacggoacgotottooa
121 atctoastgocgecotttettoctetogogoacttocoattoacteogyaagoghottan
151 tttaccacggygeagagaggoaccgagtacatctytacgtyoticatttacagatgttite
241 accgeatgtgtocttgyaggaasascaactaccoaasgyagasactigytotgttoacas

301 atttggtggascctotgtgggascctcticagagaataaaasatgiigoggacataatict

Primer Problems

% primers should flank the sequence of interest ,
= primer sequences should be unique

= primers that match multiple sequences will give
multiple products

= repeated sequences can be amplified - but only if
unique flanking regions can be found where

primers can bind

= primers can have self-annealing regions within
each primer (i.e. hairpin and foldback loops)

= pairs of primers can anneal to each other to form
"primer dimers"




Differential Primers
S New challenges for PCR primer des1gn
#gene-specific primers (for multi-gene families)
+identify specific species or strains of organisms
* molecular diagnostics/detectors

+Consensus primers

+ amplify a gene from all of a diverse group of
organsims (eg. bacterial 16-S rDNA)

# Need to work with multiple alignments and
find differential or conserved regions

Primer Design on the Web

= _There, are a bunch of good PCR primer design ,
programs on the web:
# Primer 3 at the MIT Whitehead Institute

http://www.genome.wi.mit.edu/cgi-bin/primer/primer3 www.cgi

# Cassandra at the Univ. of Southern California
http://www-hto.usc.edu/software/procrustes/cassandra/cass_frm.html

+GeneFisher by Folker Meyer & Chris Schleiermacher
at Bielefeld University, Germany
http://bibiserv.TechFak.Uni-Bielefeld.DE/genefisher/
iXprimer at the Virtual Genome Center, Univ. Minnesota
Medical School
http://alces.med.umn.edu/rawprimer.html




Other Technologles

Mult1plex PCR
GeneScan (ABI)
= PCR related technologies

+Primer extension

* Tagman (ABI)

* Orchid

* Pyrosequencing
+Ligase chain reaction
+0ligos for microarrays

+DNA sequencing reactions

RNA secondary structure

* Look for secondary structures




What we covered today

URestriction site analysis
U Cloning
W Southern blot analysis
QO Primer design

W Cloning, amplification gene expression,
sequencing




